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(1) 对 Cu84-xAl11+xFe5(x=0,1,2,wt%) 合金的微观组织结构、相变特性、力学
及形状记忆性能的研究结果表明：x=0，1 合金淬火后的马氏体相均由两种马氏




和 Fe(Al,Cu) 相，x=1 合金析出了 Fe(Al,Cu) 相。时效后，所有合金的马氏体相
由 β1+γ

1 马氏体构成，x=2 合金析出雪花状γ1(Cu9Al4) 相。所有合金的相变温度
都高于 450℃。通过压缩实验可知，合金的塑性随着 Al 含量的减少而增加。同
时由于时效后 x=0 合金析出大量的α(Cu)，x=2 合金析出平衡相γ
1
(Cu9Al4)，所以
x=0，2 合金的回复率和回复应变都明显低于淬火状态。但 x=1 合金时效后回复
应变和回复率都与淬火态相当，仍能呈现稳定的形状记忆性能，其回复应变随着
预应变的增加呈近似直线增加，并达到最大值 1.6%。 
(2) Cu84Al10Fe6 合金淬火后为 β











1 马氏体、Fe(Al,Cu,Ta) 和 Ta2(Al,Cu,Fe)3 三相















所有的合金淬火后相变温度均高于 440℃。压缩实验结果表明在 Cu-Al-Fe 合金中
添加微量的 Nb 元素，合金的塑性降低；添加 Ta 元素，合金的塑性得到提高。
时效后三种合金都析出大量的α(Cu)  相使合金的塑性显著增加。此外，
Cu84Al10Fe6、Cu84Al10Nb2Fe4 和 Cu84Al10Ta2Fe4合金呈现较差的形状记忆性能。 
(3) Cu86Al12Ta2 合金淬火后组织由马氏体、Ta2(Al,Cu)3 相和 Cu(Al,Ta) 三相






























Cu-Al-based shape memory alloys (SMAs), which are currently the only 
developing alloy system for high temperature shape memory alloys (SMAs) among 
the Cu-based SMAs, have attracted much attentions due to the low cost, simple 
manufacturing process, good shape memory effects and the easy adjustment of the 
martensitic transformation temperature. However, the polycrystalline brittleness and 
poor thermal stability during aging, which resulted in the decrease of SMEs, still are 
main obstacles for the development of Cu-Al-based SMAs. Therefore, it is of great 
significance to develop new Cu-Al-based HTSMAs with good comprehensive 
properties. 
It has been reported that alloying is an effective method to improve the 
properties of the alloys. Therefore in this study, we prepared some new Cu-Al-based 
HTSMAs by alloying Fe/Nb/Ta into Cu-Al alloys including Cu84-xAl11+xFe5(x=0，1，
2, wt%), Cu84Al10Fe6, Cu84Al10Nb2Fe4, Cu84Al10Ta2Fe4 and Cu86Al12Ta2. Furthermore, 
their microstructures, martensitic transformation behaviors, mechanical and shape 
memory characteristics were investigated by means of optical micrograph, XRD, DSC, 
EPMA, tensile and compressive tests.The details of the results are described as 
follows: 
(1) The microstructure, martensitic transformation, mechanical and shape 
memory properties of Cu84-xAl11+xFe5(x=0，1，2, wt%) alloys under the quenched and 
aged states were investigated.The results show that x=0 and 1 alloys under the 
quenched state exhibit a mixture of primary β

1 and little γ

1 martensites, and x=2 alloy 
only shows dominant γ

1 martensites. Small amounts of α(Cu) and Fe(Al,Cu) phases 
are observed for x=0, whereas only tiny Fe(Al,Cu) phase exists for x=1. After aging, 




1 martensites, and the snowflake-shaped 
γ
1
(Cu9Al4) precipitate is present for x=2. The transformation temperatures of all 















quenched state, and the recovery strain still linearly increases with the increase of the 
pre-strain,up to a maximum value of 1.6%. 
(2) Cu84Al10Fe6 alloy exhibits β

1 martensite and Fe(Al,Cu) precipitate, and 




1 martensites and Nb(Fe，Al，Cu)2 




1 martensites, Fe(Al,Cu) 
and Ta2(Al,Cu,Fe)3 precipitates under the quenched state. After aging, α(Cu) phase is 
observed for all studied alloys, and Fe(Al,Cu) precipitate also presents for 
Cu84Al10Nb2Fe4 alloy. All studied alloys under the quenched state have a reversible 
martensitic transformation higher than 440℃.The results of compressive tests show 
that there is the decrease in the ductility of the alloy with Nb addition, but the 
improvement with Ta addition in Cu-Al-Fe alloys. After aging, the ductility of all 
studied alloys increases while SMEs almost disappear, which is due to the formation 
of a mass of α(Cu) phase. 
(3) Cu86Al12Ta2 alloy consists of primary β

1 martensite, predominant Ta2(Al,Cu)3 
precipitate and small amounts of Cu(Al,Ta) precipitate under the quenched state, 
whereas the Cu(Al,Ta) precipitate is dominant after hot-rolling. Additionally, 
γ1(Cu9Al4) phase forms after hot-rolling, but it disappears when the samples are 
quenched again. All studied alloys have a reversible martensitic transformation 
temperature higher than 450℃. The results of tensile tests demonstrate that the shape 
memory effects clearly increase, resulted from the increase of the residual strain, up to 
a maximum value of 3.2% and the recovery ratios are almost 100% when the pre- 
strain is less than 2.5%, then they gradually decrease with further increasing the 
residual strain.  
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变体一般有两种形态，分别是孪晶马氏体( Twinned martensite，Mt) 和退孪晶马
氏体( Detwinned martensite，Md) 。Mt 是通过马氏体变体自协作形成对称结构的








系，在同一个 σ-T 关系图绘制四个温度可得图 1.2 合金相变过程的 σ-T 关系图[5]。
实际上，每个相变温度的斜率通常是不相同的，这里使用理想的模型是为了能简
便介绍形状记忆合金的相变行为。如图 1.2 所示，在 Af 温度以上，材料全是奥氏
体状态；在 Ms 温度以下，材料处于完全马氏体状态。 
 
 
图 1.1 相变温度与应力呈直线关系：随着应力的增加，相变温度相应升高[5] 
Fig. 1.1 The linear relationship between transformation temperature and applied stress:    
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